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Combined effect of anti-BAG3 and anti-PD-1 treatment on macrophage infiltrate, CD8 + T cell number and tumour growth in pancreatic cancer
We read with great interest the article by Zhang et al 1 showing that CD8 + cell infiltration in pancreatic tumours can be enhanced by depletion of myeloid cells (CD11b   +   macrophages and myeloid-derived PostScript suppressor cells) and that the depletion of CD11b + cells resulted in decreased PD-L1 expression on cancer cells thus impairing the triggering of the inhibitory receptor PD-1 on T cells. 1 Recruitment and activation of CD8 + lymphocytes in tumours are suppressed by mechanisms only partially understood and rescuing CD8 + cell infiltrate in tumours is one of the objectives of immunotherapies. 1 2 Tumour-associated macrophages (TAMs) play a crucial role in the relation between tumour cells and their environment. 3 Here, we confirm the interplay between macrophages and CD8 + cells in pancreatic cancer and identify a potential way to exploit this enhancing effect of anti-PD-1 treatment. Indeed, we show that reduction of macrophage infiltrate, through treatment with an anti-Bcl-2-Associated athanoGene 3 (BAG3) antibody, 4 results in increased number of CD8 + cells in pancreatic tumours in a murine model. BAG3 is a co-chaperone of the heat shock protein 70 whose expression is induced in response to stress but has been shown to be constitutive in cancers including pancreatic ductal adenocarcinomas (PDAC). We recently showed that BAG3 is secreted by PDAC cells and binds to TAMs, inducing their activation and the release of factors that support tumour growth and metastatic spreading. Treatment of PDAC-carrying mice with an anti-BAG3 mAb that interacts with a portion of BAG3 protein (from aa 385 to aa 399) not overlapping the BAG domain resulted in reduced tumour growth and metastatic spreading; analysis of tumour biopsies from anti-BAG3-treated mice showed a marked reduction of TAMs and a decrease in macrophage-released cytokines. 4 5 Now we used the anti-BAG3 mAb in combination with an anti-PD-1 antibody to treat mice PDAC allografts. To this end, murine Kras-driven pancreatic cancer cells (mt4-2D) 6 were subcutaneously grafted in syngeneic immunocompetent (C57BL6) mice 4 and when tumours size reached about 100 mm 3 mice were treated for 19 days with an anti-BAG3 mAb, an anti-PD-1 antibody or a combination of the two. Histochemical staining showed that tumours appeared as low differentiated pancreatic adenocarcinoma; as expected for tumours derived from K-Ras-mutant cells, all tumour showed high expression of phospho-ERK (online supplementary figure 1) Treatment with either anti-BAG3 mAb or anti-PD-1 antibody resulted in a significant reduction of tumour growth that was even more impressive when the two antibodies were used in combination, suggesting that the block of BAG3 activity was additive with the block of PD-1 ( figure 1A) as demonstrated by the not significant interaction term in a two-way analysis of variance (online supplementary figure 2). As previously reported, treatment with anti-BAG3 mAb resulted in reduced macrophage infiltrate 4 that on the contrary appeared to be increased in anti-PD-1-treated animals ( figure 1B) . Interestingly, the macrophage infiltrate was also reduced in the animals treated with the combination of the two antibodies. Analysis of tumour sections showed that CD8 + cells were hardly detectable in control tumours, while their number was increased following treatment with anti-BAG3 or anti-PD-1 antibody and a higher effect was observed in mice treated with the two in combination ( figure 1C, D) .
In conclusion, blocking BAG3 activity results in an increased number of CD8 + cells, with potential antitumour effects. Such increase is likely to be due, at least in part, to the decrease of TAMs-derived factors 4 that suppress CD8
+ lymphocytes influx or subsistence in tumour tissues. Whether BAG3 also impacts on other regulatory circuits requires further investigation, nevertheless, our observations disclose a BAG3-mediated mechanism that suppresses CD8 + cell recruitment. Furthermore, our findings 
